Robust control over the positions, orientations, and assembly of nonspherical colloids may aid in the creation of new types of structured composite materials that are important from both technological and fundamental standpoints. With the use of lithographically fabricated equilateral polygonal platelets, we demonstrate that colloidal interactions and self-assembly in anisotropic nematic fluids can be effectively tailored via control over the particles' shapes. The particles disturb the uniform alignment of the surrounding nematic host, resulting in both a distinct equilibrium alignment and highly directional pair interactions. Interparticle forces between polygonal platelets exhibit either dipolar or quadrupolar symmetries, depending on whether their number of sides is odd or even, and drive the assembly of a number of ensuing self-assembled colloidal structures.
S elf-assembly of micrometer-and nanometerscale colloidal particles into ordered structures is of wide-ranging interest for both fundamental science and technological applications (1) . In isotropic liquids such as water, the electrostatic and entropic forces that drive the assembly of spherical colloids are typically isotropic, limiting the overall landscape of possible structures. Concentrated suspensions of monodisperse spherical particles are an important example; these can form three-dimensional (3D) colloidal crystals that are markedly similar to their atomic counterparts. However, colloidal crystals formed in this fashion are restricted to lattices with high packing fractions, such as hexagonal close-packed or face-centered cubic (2) . The generation of anisotropic interactions is necessary to increase the complexity and diversity of colloidal architectures formed by such interactions (3) (4) (5) (6) . Oriented assemblies of particles can be produced by means such as nonuniform patterning of their surfaces (3) , anisotropic deposition of colloids onto solid substrates (4) , or application of external fields (5) . Alternatively, introducing anisotropy directly into a solvent by using a nematic liquid crystal (NLC), one can engender anisotropic interaction forces between colloids that are not present in ordinary fluids (7) . NLCs are composed of rodshaped molecules with long molecular axes aligned along a common direction (8) . The local average molecular orientation is often represented by a unit vector n with inversion symmetry n ≡ -n, referred to as the director. The dependence of n as a function of spatial position r is described with a director field n(r). Anisotropic molecular interactions at NLC surfaces, known as surface anchoring, result in a preferential alignment and boundary conditions for n(r). Colloids immersed in NLCs deform the surrounding director field because of this surface anchoring and induce point or line defects [regions where n(r) is discontinuous] in the nematic bulk (Fig. 1, A and B) or at the nematic-particle interface ( Fig. 1C) , unless the surface anchoring is weak or the particles are small (supporting online material fig. S1 ) (9) . The particles and accompanying defects introduce long-range gradients in n(r) that depend on particle size (9) , type and strength of surface anchoring (10) , confinement (11, 12) , and external fields (13) . The elastic energy due to these gradients depends on the particles' relative positions and gives rise to interactions mediated by elasticity. Even for spherical particles in NLCs (Fig. 1 , A to C), elastic interactions are highly anisotropic and can lead to a host of self-assembled structures ranging from linear and branched chains to 2D crystals (7, (9) (10) (11) (12) (13) (14) (15) (16) . Reminiscent of electrostatic interactions exhibited by charge distributions, elastic colloidal interactions bear qualitatively different symmetries that mimic the dipolar (Fig.  1A) or quadrupolar (Fig. 1 , B and C) symmetries of n(r) around isolated particles.
We demonstrate that altering the shapes of particles can lead to marked changes in the symmetry of their elastic interactions and the resulting colloidal assemblies in NLCs. Optical polarizing microscopy (PM) and fluorescence confocal polarizing microscopy (FCPM) show Fig. 1 . Shape-controlled director field configurations around colloidal particles immersed in a uniformly aligned NLC. (A) A spherical colloid with strong vertical anchoring induces a hyperbolic point defect (black dot) in the bulk of the NLC forming a dipolar n(r) structure (blue lines) with the elastic dipole moment p parallel to n 0 . (B) A spherical particle with vertical anchoring and encircled by a line defect in the equatorial plane (black line) gives a quadrupolar director structure. (C) A colloidal sphere with planar degenerate anchoring induces two surface point defects (black dots) at the poles along n 0 and forms a quadrupolar configuration of n(r). Optical PM micrographs show that polygons with an odd number of sides, such as triangles (D and E) and pentagons (F and G), in 5CB orient with one side parallel to n 0 and, as shown in (E and G), induce dipolar n(r) with elastic dipole moments p perpendicular to n 0 . (H) PM image showing a square platelet oriented with its diagonal axis parallel to n 0 producing quadrupolar distortions. (I and J) FCPM images of n(r) obtained for linear polarizations (P FCPM ) at T45°to n 0 , and color-coded fluorescence intensity varying from minimum (black) to increasingly higher intermediate (green, blue, red) and maximum (yellow) values. (K) Reconstructed quadrupolar director field for a square platelet in 5CB. Dashed lines denote mirror symmetry planes of the n(r) configurations. The lateral edge lengths of triangles, squares, and pentagons are 3.0 mm, 4.5 mm, and 1.5 mm, respectively. All platelets have a thickness of 1 mm. The square-shaped particles contain a square hole with 2-mm sides.
that platelet colloids with equilateral polygonal shapes exhibit well-defined alignment and elastic deformations of n(r) that have either dipolar or quadrupolar symmetry. Colloidal polygons with an odd number of sides form elastic dipoles, whereas even-sided particles form elastic quadrupoles. Using model polygonal platelets shaped as triangles, squares, and pentagons, we demonstrate that their shape dictates the resulting n(r) symmetry as well as the symmetry of the ensuing elastic interactions. Particle tracking video microscopy (17) , combined with optical tweezing of particle pairs, provides direct measurements of anisotropic interaction forces.
Monodisperse platelet colloids of uniform thickness and predesigned shapes are fabricated with the use of photolithography (18) . Micronsized polygonal colloids of triangular, square, and pentagonal shapes are produced using an ultraviolet-sensitive photoresist (SU-8) on Si wafers (19) . After exposure and development, the particles are released from the wafers into an organic solvent and transferred into pentylcyanobiphenyl (5CB), a room temperature NLC. Sample cells consisting of parallel glass plates separated by 10-to 60-mm spacers are filled with colloidal dispersions in 5CB by capillary action and sealed with epoxy. The far-field alignment direction n 0 is set by unidirectional rubbing of the polyimide coated inner surfaces of the cell. The samples are studied with an inverted optical microscope equipped with a confocal laser scanning unit and a holographic optical tweezers system (20) operating at l = 1064 nm. The 3D structure of n(r) around the colloids is determined with lateral and vertical resolution of 0.5 mm with the use of FCPM (21) . For FCPM observations, 0.01 weight percent of anisotropic fluorescent dye was dissolved homogeneously in 5CB (19) ; at this concentration, the rodlike dye molecules do not alter the NLC properties and orient parallel to 5CB molecules so that the contrast in the fluorescence image arises from spatial changes in n(r) (21) . Imaging and optical tweezing are performed simultaneously with a 100× oil-immersion objective.
PM images reveal the n(r) deformations surrounding isolated particles of each type suspended in aligned 5CB (Fig. 1 ). When n 0 is oriented along the linear polarization of incident light, distorted regions where n(r) departs from n 0 alter the polarization state of transmitted light and appear bright when viewed through the analyzer. Polygonal platelets always orient with their larger-area top and bottom surfaces parallel to n 0 , suggesting planar degenerate anchoring at the interface of SU-8 and 5CB. Polygons that have an odd number of sides (N), such as triangles and pentagons, orient with one of their sides along n 0 , and bright lobes are visible near their other sides (Fig. 1, D and F) . However, colloids with even N, such as squares, align with one diagonal axis along n 0 , and bright regions appear symmetrically along all outer and inner edges (Fig. 1H ). PM and FCPM textures indicate the presence of three mirror symmetry planes of the n(r) deformations, which intersect the particle's center of mass: one coplanar with both n 0 and the unit vector v normal to the platelet's larger-area faces, a second parallel to the faces, and a third plane orthogonal to n 0 . Thus, the n(r) structure is quadrupolar, as schematically shown in Fig. 1K , resembling the symmetry of elastic quadrupoles formed by spherical particles (Fig. 1,  B and C) . Further, because the strongest FCPM signal corresponds to regions where n(r) is parallel to the linear FCPM polarization, the fluorescence images in Fig. 1, I and J, demonstrate that n(r) is indeed quadrupolar and consistent with surface anchoring of 5CB on SU-8 photoresist being degenerate planar (22) .
In the case of triangles and pentagons with odd N, however, the mirror symmetry plane that is coplanar with both n 0 and v is broken so that the n(r) structure is dipolar (Fig. 1 , E and G), unlike that of other previously studied colloids promoting planar surface anchoring (15, 23) . Moreover, the elastic dipole moment p is orthogonal to n 0 (Fig. 1E) , in contrast to what is seen for colloids with vertical surface anchoring and p parallel to n 0 (7, 11, 14, 24) , as shown in Fig.  1A . Examples of dipoles that align orthogonally to field lines are rare but can be formed by dipolar pairs of line defects in NLCs (19) and vortex spin configurations in ferromagnets (8) . Similar to a sphere with planar anchoring shown in Fig. 1C , the shape-dictated dipolar structures of odd-N platelets do not give rise to point or line defects in the NLC bulk. The dipolar n(r) symmetry of odd-N platelets should be stable with respect to varying particle size and the strength of surface anchoring at their interfaces ( fig. S1 ) (19) . This is different from the case of dipoles formed by spherical colloids accompanied by bulk point defects (Fig. 1A) observed only for strong anchoring and for particle sizes larger than~1 mm, but not for smaller colloids for which a quadrupolar n(r) (Fig. 1B) is of lower energy (9) . For odd-N polygonal platelets, although the magnitude of p decreases with decreasing particle size or weakening anchoring strength ( fig. S1 ), the alignment and dipolar symmetry should retain down to particle sizes of~50 to 100 nm, at which the planar boundary conditions at the platelet surfaces are expected to partially relax (19) . For N = 5, the magnitude of p is smaller than that for N = 3 ( Fig. 1) , and we expect that it decreases further as N increases and ultimately vanishes in the limit N → ∞, corresponding to a circular disc with quadrupolar n(r) (9) .
The director field configurations surrounding regular polygons (Fig. 1) can be understood within an elegant theoretical framework that is built on an analogy with electrostatics (25) (26) (27) . Within the one-elastic constant approximation (19) , minimization of the NLC elastic energy
2 [where K is an average Frank elastic constant, and (∇n)
] leads to Laplace's equation for n(r). Far from the particle, deviations from n 0 are small, and n(r) can be expanded in a multipole series containing elastic monopole, dipole, and quadrupole terms that decay with distance r as 1/r, 1/r 3 , and 1/r 5 , respectively. The predicted absence of an elastic monopole, when no external torque is present (25) , is consistent with the observed dipolar symmetry of n(r), as well as the equilibrium orientation of polygons with odd N. For example, n(r) would have no planes of mirror symmetry for a triangle or pentagon oriented so that all edges are neither parallel nor perpendicular to n 0 . Consequently, an elastic torque would be present, and the system would not be in mechanical equilibrium. There are two possible ori- entations for a triangle or a pentagon with ensuing n(r) having at least two planes of mirror symmetry: (i) one with a side along n 0 giving an elastic dipole with p perpendicular to n 0 and (ii) another with a side oriented perpendicular to n 0 (in this case, p would be parallel to n 0 ). Evidently, the former has lower elastic energy because this is the equilibrium orientation observed in the experiments. The alignment of colloidal polygons with even N, such as square-shaped particles, can be understood in a similar fashion. Orientations for which neither of the diagonals are parallel to n 0 would give rise to an elastic torque and are unstable. When the sample is heated into the isotropic phase, no preferred orientation is observed ( fig. S2 ), confirming the elastic nature of the alignment of polygons in the nematic phase. Furthermore, observations during multiple heating and cooling cycles show that different sides (odd N ) and diagonals (even N ) can align along n 0 each time the sample is quenched into the nematic phase, demonstrating that there is no preference in the selection of these sides or diagonals.
Although the orientations of the polygonal edges are constrained relative to n 0 , a platelet's surface normal v is free to rotate about n 0 in the bulk of a ≈60-mm-thick NLC cell, indicating that the elastic energy is independent of such rotations (28). Confinement to cells of thickness comparable to the lateral size of platelets (≈10 mm) inhibits rotations about n 0 , and the platelike colloids orient parallel to the cell substrates to minimize the elastic energy due to the planar anchoring at the top and bottom surfaces of the colloids. To explore the directionality and strength of anisotropic elastic-pair interactions, we control the initial positions and orientations of particles with the use of optical tweezers (11, 12, 15) and then track their motion using video microscopy after release from the laser traps. When the centerto-center separation vector R for two triangles is along n 0 , elastic repulsion occurs for parallel dipoles ( Fig. 2A) , whereas attraction takes place for antiparallel dipoles (Fig. 2B ). The opposite is true for situations when R is perpendicular to n 0 ; antiparallel dipoles repel ( Fig. 2C ) and parallel dipoles attract (Fig. 2D) . Two types of selfassembled chainlike aggregates are observed: (i) antiparallel dipole chains in which the triangles aggregate along n 0 ( Fig. 2E ) and (ii) chains perpendicular to n 0 consisting of parallel dipoles (Fig. 2F ). Chaining of triangular colloids perpendicular to n 0 is a consequence of the dipoles' alignment orthogonal to n 0 . The dipolar nature of the elastic interaction is further evidenced by the time dependence of particle separation R(t) for a pair of triangles aggregating along n 0 (Fig.  2G ). Because the system is highly overdamped (Reynolds number << 1), inertial forces are negligible and the elastic force F el is balanced by a viscous Stokes drag F drag = -zdR/dt, where z is a drag coefficient, and dR/dt is the time-derivative of the particle separation R(t). For an elastic dipolar force F el = -k d /R 4 (where k d is a constant that depends on K and the geometry and size of the particle), integration of the equation of motion
, where a d = k d /z, and R 0 is the initial separation at time t = 0 when particles are released from the traps. R(t) fits the data well with one adjustable parameter a d = 63.1 T 0.5 mm 5 /s (red curve in Fig. 2G ). Using an estimate of the drag coefficient z~(2 to 4) × 10 −6 kg/s (29) and the maximum relative velocity dR/dt ≈ 1 mm/s determined from the data in Fig. 2G , one obtains a maximum attractive elastic force of 2 to 4 pN near contact at R ≈ 2.6 mm. This force and the corresponding binding energy ≈5 × 10 −18 J (≈1200k B T, where k B is Boltzmann's constant) for a pair of triangles are comparable to those measured for spherical colloids of similar size (11, 12, 15) .
Square-shaped platelets aggregate at angles intermediate between 0 and 90°relative to n 0 , suggesting a nondipolar symmetry of elastic interactions. A time series of video frames in Fig.  3A shows two interacting squares after release from the optical traps used to position them initially with R parallel to n 0 . The squares repel while gradually moving sideways (frames 1 and 2), then attract along ≈45°to n 0 (frames 3 and 4), and ultimately aggregate with adjacent sides touching to form a chain that equilibrates at ≈40°to n 0 . This equilibration angle decreases with the addition of more particles into the linear chain, consistent with the planar anchoring at the NLC-colloid surfaces. Kinked chains as well as more symmetric structures are also possible. For example, a square and a two-particle chain can attract (Fig. 3 , C and D) and form a structure in which the individual square orientations match those of isolated ones.
To elucidate the angular dependence of elastic interactions between square particles, two are positioned at a fixed center-to-center separation of R = 12.3 mm and various angles between R and n 0 : q = 0, Tp/8, Tp/4, and 3p/8, as shown in the inset of Fig. 3E . For each q, the particles are released from the optical traps, tracked with video microscopy for 13 s while the traps are off, and then moved back to the same initial locations. Because the elastic forces at R = 12.3 mm are weak (~10 −2 pN), we time-average an ensemble of 10 particle trajectories for each q to mitigate the effects of Brownian motion. The average relative trajectories at various q are shown in Fig. 3E . Elastic repulsion occurs for pair orientations parallel (q = 0) and perpendicular (q = p/2) to n 0 , whereas strong attraction along R takes place at q = Tp/4. At q = Tp/8, the elastic force drives the particles sideways toward q = Tp/4 while gradually becoming attractive. The angular dependence of the expected force between quadrupoles at a large fixed separation (shown by black arrows in Fig. 3E) (9, 15) exhibits marked correlation with the measured displacements, confirming the quadrupolar nature of elastic forces between colloidal squares. These results imply that the presence of the hole in a colloidal square and, more generally, other modifications to the platelet's topology are inconsequential to the anisotropy of interactions, as long as the quadrupolar n(r) symmetry is preserved.
Quadrupolar forces are expected to decay with distance as~R −6 (9, 15) . To test if square platelets interact in this manner, we have measured the relative positions of two colloidal squares along q = p/4 from initial separations R 0 = 14.3 and 12.9 mm (Fig. 3F) . From a balance of a quadrupolar elastic force F elq = -k q /R 6 with a viscous drag, one obtains the time-dependent particle separation R(t) = (R 0 7 -7a q t)
, where a q = k q /z . The two sets of data in Fig. 3F can be fit with R(t) using only one adjustable parameter a q = (1. /s, we calculate a maximum attractive elastic force of ≈20 pN near contact at R = 4.5 mm and corresponding binding energy ≈3 × 10 −17 J (≈7000k B T ). In conclusion, elastic colloidal interactions in NLCs are sensitive to the colloids' shapes. Equilibrium director field configurations around equilateral polygonal colloids exhibit dipolar symmetry if they have odd N (i.e., triangles or pentagons) and quadrupolar symmetry if N is even, giving rise to dipolar and quadrupolar elastic colloidal interactions, respectively. Elastic dipole moments of polygonal platelets orient perpendicular to the far-field director n 0 . Dipoledipole forces drive their assembly into chains perpendicular to n 0 if their dipoles are parallel and chains along n 0 if their dipoles are antiparallel. Although the symmetry of these highly directional elastic forces should not change over a broad range of particle sizes (~50 nm to tens of microns), the strength can vary substantially. One can envision the design of such interactions for the assembly of colloidal architectures ranging from anisotropic aggregates to new types of colloidal crystals and optical metamaterials with well-defined alignment relative to the far-field director. 3 between SU-8 and 5CB, particles tend to sediment toward the lower half of the cell and come to rest at a height ≈5 mm at which the repulsive particle-substrate interaction due to the n(r) deformations balances gravity (23) . 29. The drag coefficient of a triangular platelet can be estimated as that of a thin disk with the radius a circumscribing the edges of the triangle: z ≈ 32ha/3. Using a representative value of shear viscosity h ≈ 0.075 Pa·s for 5CB (9), one finds z ≈ 2 × 10 −6 kg/s. Although this analysis is only approximate, it gives reasonable estimates for platelet colloids, as verified experimentally (19 Some of Earth's largest iron-nickel (Fe-Ni) sulfide ore deposits formed during the Archean and early Proterozoic. Establishing the origin of the metals and sulfur in these deposits is critical for understanding their genesis. Here, we present multiple sulfur isotope data implying that the sulfur in Archean komatiite-hosted Fe-Ni sulfide deposits was previously processed through the atmosphere and then accumulated on the ocean floor. High-temperature, mantle-derived komatiite magmas were then able to incorporate the sulfur from seafloor hydrothermal sulfide accumulations and sulfidic shales to form Neoarchean komatiite-hosted Fe-Ni sulfide deposits at a time when the oceans were sulfur-poor.
S
ubmarine Fe-Ni sulfide deposits hosted in komatiites (mantle-derived ultramafic rocks with high magnesium content) produce~10% of the world's annual Ni, making them an important type of ore-bearing deposits (1) . Mineralization of komatiite-hosted Fe-Ni sulfides can form either massive ores at the base of, or disseminated/blebby ores within, komatiite lava flows and sills ( fig. S1 ). Komatiite-hosted massive Fe-Ni sulfide deposits are most abundant during periods of elevated mantle plume magmatism and continental crustal growth. In the Neoarchean and Paleoproterozoic, such events occurred around 2.95, 2.7, and 1.9 billion years ago (Ga), which correspond to global peaks in the abundance of banded iron formations, sulfidic black shales, and volcanogenic massive Fe-CuZn sulfide deposits (2, 3) .
Initial efforts to determine the source of sulfur in these deposits suggested that sulfides were transported directly from the mantle (4, 5) . It was later proposed based on a wide range of volcanological, stratigraphic, geochemical, sulfur isotopic, thermodynamic, and fluid dynamic constraints that the magmas assimilated sulfur either during ascent or emplacement on the sea floor [see (1) for case studies] because the sulfur content of the mantle is too low (6) , komatiites result from high degrees of melting in the mantle, and a negative pressure feedback on sulfur content limits sulfide saturation in mafic magmas (7 The presence of residual dissolved SU-8 developer in the particle-5CB dispersion was monitored by determining the nematic-isotropic transition temperature T NI of the samples using polarizing microscopy equipped with a heating stage (Instec). In all prepared samples, T NI did not deviate more than 1 C from the T NI = 35 C of pure 5CB. To adequately disperse the particles before filling the sample cells, the suspensions were agitated vigorously in an ultra-sonic bath at a temperature above T NI for 2 hours. For the FCPM studies, 5CB was doped with the fluorescent dye n,n'-bis (2,5-di-tert-butylphenyl)-3,4,9,10-perylenedicarb-oximide 
II. Director Field Configurations for Strong and Weak Surface Anchoring
The effect of reducing particle size and/or weakening the surface anchoring strength for spherical colloids with vertical surface anchoring is qualitatively different from the case of polygonal platelet colloids with planar anchoring as shown in Fig. S1 . For spheres that promote strong vertical anchoring, the director field configuration is known to be dipolar with a hyperbolic hedgehog point defect outside the particle with dipole moment p || n 0 (Fig. 1A) ; n(r) has one plane of broken mirror symmetry orthogonal to n 0 . However, both experimental (S5, S6) and theoretical (S7, S8) studies find this structure stable (minimizing energy) only for particle sizes larger than roughly 1 m and strong surface anchoring. Reducing the radius a or weakening surface anchoring results in a transition to a configuration with a line defect that encircles the equator of the particle (Fig. S1B) ; the formed n(r) has no broken mirror symmetry planes and is therefore quadrupolar (S10-S12). Upon decreasing the size or surface anchoring further, the energetic cost due to relaxing the boundary conditions at the particle's surface becomes less than the energy cost of bulk defects and elastic distortions. Relaxing the vertical boundary conditions for n(r) at the sphere's surface results in transforming the bulk line defect into a surface line defect or into a configuration with no defects in the NLC (note that for certain director distortions one can still think of a "virtual" defect inside of the volume of the particle) and the bulk n(r) distortions decrease significantly (Fig. 1C) . Furthermore, the elastic dipoles formed by colloiddefect pairs can transform into elastic quadrupoles upon application of external fields (S13, S14), confinement (S15-S17), etc. Note that during these transformations of defects and structures around colloidal spheres, the total topological charge (S7, S12, S18) is conserved and topological characteristics of defects in a nematic volume enclosed by a surface of given Euler characteristic satisfy the restrictions imposed by the Euler-Poincare and Gauss theorems, which is also true for non-spherical particles.
In contrast to the dipolar-quadrupolar symmetry changes exhibited by n(r) around spherical particles discussed above, the dipolar configuration formed by odd-N polygonal platelets with planar surface anchoring should be more stable with respect to varying particle size and strength of surface anchoring. The symmetry of n(r) does not change when either surface anchoring or size of an odd-N platelet such as a triangle is reduced (Figs. S1D and E) ; the deformations are smaller, and therefore, the magnitude of p is smaller than in the strong anchoring case, but the n(r) structure remains dipolar. This behavior is similar to the case of spherical colloids with planar surface anchoring retaining their quadrupolar symmetry of n(r) with varying the particle size and anchoring strength (Figs. S1J and K).
The above differences between the behavior of spherical and anisotropic colloids can be understood by considering the bulk elastic and surface anchoring energy associated with introducing the colloidal inclusions into the NLC. The Frank elastic energy of NLCs can be expressed in terms of spatial gradients of n(r):
where K 11 , K 22 , and K 33 are three independent Frank elastic constants corresponding to "splay", "bend", and "twist" deformations respectively (S18) and the integration is carried out over the volume of the NLC. The three elastic constants of thermotropic small molecule nematics are of the same order of magnitude [e.g. for 5CB at room temperature K 11 6.4 pN, K 22 3 pN, and K 33 10 pN (S19)]. In the one elastic constant approximation, Eq. (S1) is often approximated as (S2), where K is the average of K 11 , K 22 , and K 33 . Using the literature values for 5CB quoted above gives an average K 6.5 pN.
For planar degenerate anchoring, the surface anchoring energy can be represented with the Rapini-Papoular expression (S18), which can be written as:
where W is the polar surface anchoring coefficent, b is a unit vector normal to the particle's surface (the preferred orientation of the molecules is parallel to the surface), and the integration is over the surface area of the platelet. For finite anchoring strength, the n(r) configuration that occurs for a given colloid is the one that minimizes the total energy including both the bulk Frank elastic and surface anchoring terms: U tot = U el +U S ; whereas in the strong anchoring limit ( W ), one minimizes only U el with fixed boundary conditions for n(r) on the surface of the colloid.
Different than the case of a spherically symmetric particle, the total energy U tot due to introducing a particle of complex shape into a NLC is minimized for certain well-defined orientations with respect to n 0 allowing for the elastic alignment. Figure S2 demonstrates that this alignment is indeed due to nematic elasticity rather than caused by sample processing procedures.
Comparison of the Frank elastic energy in Eq. (S1) with the surface anchoring energy in Eq. (S3) gives a characteristic length =K/ W , often referred to as the surface extrapolation length (S18). The Frank energy due to introducing a particle of size a into a NLC with average elastic constant K scales as Ka whereas the surface energy scales as wa 2 . In the limit a>> , the anchoring is strong and the boundary conditions for n(r) on the surface of the colloid are rigid so that strong n(r) distortions and bulk/surface defects are needed to meet these boundary conditions. For a<< , the surface anchoring is weak and the nematic can alleviate bulk deformations by relaxing the boundary conditions at the colloid's surface. This interplay between the surface anchoring and bulk elastic energies explains the symmetry changes for spherical particles discussed above. The situation is very different for odd-N platelet colloids that can introduce dipolar director distortions due to their shape even when the boundary conditions are relaxed. Scaling the platelet size down to ( Fig. 1E ) at which minimization of surface anchoring energy given by Eq. (S3) is important, the symmetry of equilibrium director structure will still depend on shape of the particle.
Therefore, the shape-dictated dipolar symmetry of n(r) should be retained even at particle sizes a~ , a regime at which the elastic dipoles formed by colloidal spheres and defects are not stable.
Using K 6.5 pN and an estimate of the polar surface anchoring coefficient W 10 -4 J/m 2 for SU-8 and 5CB one obtains 65 nm. Assuming that the interaction energies are of order Ka, particles with sizes in the range a=50-100 nm (the size range of interest for potential applications such as self-assembly of optical metamaterials) are expected to bind with energy in the range (50-100)k B T, suggesting that sub-micron nanoparticles could potentially be assembled via dipoledipole interactions.
The symmetry of dipolar and quadrupolar elastic deformations around different polygonal colloids in the mid-plane of the platelet is similar to the far-field symmetry of n(r)
arising from elastic dipoles and quadrupoles formed by s=±½ disclinations (strength s is defined as the number of revolutions by 2 that the n(r) makes when one circumnavigates the defect line once). For example, the dipolar n(r) far from the triangular platelet with p n 0 ( Fig. S1D and H) resembles the elastic deformations induced by a s=±½ disclination pair with p also orthogonal to n 0 (Fig. S1F ). This disclination dipole is known to be one of two low-energy dipolar defect geometries (S20) observed in small-molecule thermotropic NLCs (S21) as well as in polymer liquid crystals (S22) . The quadrupolar n(r) induced by a square-shaped colloid (Figs. S1G and S1H) resembles the far-field director due to a quadropole of four s=±½ disclinations (Fig. S1I ).
III. Viscous Drag of Polygonal Colloids in 5CB
Colloidal squares. Dissipative drag forces experienced by colloidal particles moving in NLCs are known to be quite complex due to the intricate coupling of orientational order to the flow fields induced by particle motion as well as the inherent anisotropy of shear viscosities of NLCs (S24). Nevertheless, in the Stokes regime, the drag force on a particle moving with velocity v in a uniformly aligned NLC can be expressed as F drag = -i v where i is a drag coefficient and the subscript i refers to motion either parallel to n 0 (i=||) or perpendicular to n 0 (i= ). Using methods similar to those discussed in (S24, S25), we determined || and for a colloidal square in 5CB by measuring its anisotropic diffusive motion with video microscopy as shown in Fig. S3 .
Particle displacements along and perpendicular to n 0 ( x and y, respectively) over various delay times were extracted from the trajectory data shown in Fig. S3A . Histograms sampled from the time-delayed displacements are well described by Gaussian distributions with different widths or mean-square displacements, 2 ||, (Fig. S3B) . As is shown in Fig. S3C Colloidal triangles. We estimate the drag coefficient of a colloidal triangle in 5CB using an expression for the drag coefficient of a thin circular disk of radius a that circumscribes the triangular edges of our colloid (S26): = 32 a/3 2x10 -6 kg/sec where we used 0.075 Pa·s and a = 2 m. This is a reasonable order of magnitude estimate, since estimating for a square shaped colloid in the same fashion yields 4x10 -6 kg/sec which is in a reasonable agreement with the value of 1.9x10 -6 kg/s determined experimentally. Moreover, even for a spherical particle of the same radius a, one obtains a similar value of = 6 a 6x10 -6 kg/s. Although these estimates neglect the coupling of the nematic director to the flow field induced by the motion of the colloidal triangles, such simplified analysis is reasonable because the velocities of the articles are small (<1 m/s) during the experiments. p SOM FIGURES even a virtual defect with the director at the particle's surface deviating from the surface normal due to the relaxed boundary conditions, again giving quadropolar n(r). (D, E) In contrast, weakening the surface anchoring on a triangular colloid with planar anchoring does not change the n(r) symmetry from dipolar to quadrupolar. Although the distortions, and thus the magnitude of p, are smaller for weak surface anchoring, n(r) remains dipolar and resembles the far-field symmetry of distortions around a s=+1/2 (red dot) and s=-1/2 (black dot) dipolar pair of line defects with p oriented perpendicular to n 0 (F). (G, H) Similarly, weakening the surface anchoring on a square colloid decreases the overall distortions, and thus the magnitude of the quadrupole moment is smaller; however, the quadrupolar symmetry of n(r) is retained and is similar to that of the far-field n(r) due to a quadrupole of s=+/-½ line defects (I). (J) For colloidal spheres with strong planar anchoring, n(r) is quadrupolar with two surface point defects (black dots) at the poles of the sphere along n 0 . (K) Decreasing anchoring and spherical particle size reduces the bulk deformations by relaxing the planar boundary condition for n(r) at the particle's surface yet there is no change in the quadrupolar symmetry of n(r). Fig. S2 . Spontaneous alignment of triangular platelets with one side parallel to n 0 due to nematic elasticity. Locally melting 5CB into the isotropic phase around a triangular colloid with a focused infrared laser beam demonstrates that the alignment of triangular particles relative to n 0 is tristable and consistent with degenerate planar surface anchoring. Using an Instec heating stage, the sample is held at a temperature T=34 C near the nematic-isotropic transition temperature to facilitate local melting at relatively low laser powers (~0.3 W). A series of frames from a video show a triangular colloid rotated by 120 after locally heating the sample to form an isotropic bubble and then cooling back to the nematic phase. As shown in the top right of the first frame, the triangle is initially oriented such that side 1 is parallel to n 0 . In the next frame, a focused laser beam locally heats the 5CB sample to the right of the particle and nucleates an isotropic bubble which then expands around the colloid. Within the isotropic bubble the triangle rotates by 120 before the laser is turned off and the isotropic region quenches back to the nematic phase. After the quench, side 2 is now aligned along n 0 . Insets in the first and last frames show the particle under crossed polarizers. The elapsed time between frames is 0.13 s. 
